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Introduction
Legumes (Fabaceae) are protein rich plants ( Van Ek et al., 1997) . Grass pea (Lathyrus sativus L.) contains 20-32 % protein (Ramachandran et al., 2005) and lentil (Lens culinaris L.) is one of the major legume crops all over the world including Iran. It is a cheap source of high quality protein in diets of millions people in developing countries (Karadavut & Palta, 2010) .
Water availability is one of the most limiting environmental factors affecting crop productivity and it is a well-known fact that crop growth is frequently subjected to water stress during its lifetime. Water stress drastically affects crop growth, ultimately leading to a massive yield and quality loss (Govindarajan et al., 1996; Habibzadeh et al., 2013; Hudak & Patterson, 1996; Faver et al., 1996) . Drought stress is one of the most important abiotic stress factors which are generally accompanied by heat stress in dry season (Dash & Mohanty, 2001) . In recent years, it has been shown that proper supplemental irrigation can increase crop yield by significantly improving soil moisture conditions and efficiency of water use by the crop (Deng et al., 2002) . Improving the efficiency of water use in agriculture is associated with increasing the fraction of the available water resources that is transpired because of the unavoidable association between yield and water use (Jaleel et al., 2007) . Due to water deficits, the crop physiology is disturbed which causes a large number of changes in morphology and anatomy of plants.
Natural zeolites are hydrated aluminosilicates consisting of a stable threedimensional framework of silica and aluminum tetrahedra. This honeycomb structure is generally very open, containing channels and cavities, which are filled with cations and water molecules (Karapinar, 2009) . Zeolite is a group of natural minerals with physical and physicochemical properties that can be utilized in various areas such as construction and agriculture. They are capable of absorbing part of the excess nutrients and also water, resulting in more balanced macronutrient cation ratios in the root environment and can keep water in root zone (Savvas et al., 2004 Furthermore, we will find the optimum amounts of zeolite and determine zeolite use efficiency for enhancing protein production in these two plants.
Materials and Methods
The study was conducted as a factorial experiment based on randomized complete Table 1 .
Irrigation treatments including irrigation
at field capacity (FC) and 50 % of FC were considered as the first factor (Table 2) .
Application of drought stress was initiated at two-leaf stage. Four levels of zeolite including 0, 10, 20 and 30 tons/ha were considered as the second factor. Zeolites were distributed in the soil layer 0 -30 cm before sowing (Table 3) . Plots were 100 cm long and 50 cm wide. The grass pea and lentil seeds were disinfected and sown on 31 July in five lines (10 cm inter and 5 cm intra row space). The plots were at enough distance from each other that triggered no competition for light absorption. Crops were harvested on 23 rd September.
To evaluate leaf dry weight, samples (leaves)
were dried in an oven at 70°C and weighted. Leaf nitrogen content was determined by the microKjeldahl method (Jackson et al., 1973) . About 25 mg of samples were transferred to a microdigestion tube and digested with 1 mL of low nitrogen concentrated H 2 SO 4 and a few mg of 3:1 CuSO 4 :K 2 S0 4 mixture (Stuart, 1936 
Results

Lathyrus sativus
Results of ANOVA showed significant effect of irrigation on protein yield, protein harvest index and zeolite use efficiency for grass pea protein production. Significant effects of zeolite application on protein yield, protein harvest index and zeolite use efficiency for protein and biomass production of grass pea were obtained (Table 4 ).
The minimum value of leaf protein yield of grass pea (107.1 kg/ha) belonged to control treatment and did not differ significantly from Loss on ignition 10-13 The maximum harvest index of grass pea protein (14.2 %) was observed in the 30 tons/ha zeolite treatment ( Fig. 2-I ).
Comparison of means between variants
with different levels of zeolite application indicated that the highest amount of ZUE for grass pea biomass production (0.138) was obtained when zeolite was applied in the amount of 10 tons/ha. On the other hand, the lowest value of ZUE for grass pea biomass production (0.62) was found at the highest dosage of zeolite (Fig. 3) . The maximum zeolite use efficiency for protein (0.014) was obtained in the 10 tons/ha zeolite treatment, but it was reduced at higher amounts of zeolite. So, the minimum value of zeolite use efficiency for grass pea protein production (0.0085) belonged to the 20 tons/ha zeolite treatment and did not differ significantly from the value obtained at 30 tons/ha (Fig. 4-I ).
These trends for zeolite use efficiency were due to decreasing protein content and yield under drought stress condition ( Fig. 1 and 2 ). (Table 5) .
Lens culinaris
Biological yield, protein yield, protein harvest index and zeolite use efficiency for lentil protein production were affected by zeolite application. There were also significant effects of irrigation on protein yield, protein harvest index and ZUE for protein production, and interaction between zeolite and irrigation on ZUE for biomass and protein production (Table 6 ).
The lowest biological yield of lentil (2131.6 kg/ha) was observed when 10 tons/ha of zeolite were applied and the highest value (2587.6 kg/ha) was observed in the 30 tons/ha zeolite treatment (Fig. 5) .
The lowest leaf protein yield of lentil (146.57 kg/ha) was obtained in the control (without applying of zeolite) and the highest leaf protein yield (222.59 kg/ha) was obtained by applying of zeolite in amount of 30 tons/ha (Fig. 6-I ). Drought stress significantly decreased protein yield in leaves. The maximum yield of protein was obtained under normal irrigation whereas water stress (irrigation at 50 % FC) significantly decreased protein concentration in plant leaves (Fig. 6-II) .
The highest protein harvest index of lentil (8.6 %) was obtained under irrigation at 100 % of field capacity, and the lowest protein harvest index (6.6 %) was observed under irrigation at 50 % of field capacity (Fig. 7-II) . Application of zeolite increased the protein harvest index. Whereas the lowest protein harvest index of lentil (6.6 %) belonged to control treatment, higher amounts of zeolite significantly increased harvest index and the highest protein harvest index of L. culinaris (8.6 %) was obtained by applying 30 tons/ha zeolite ( Fig. 7-I ).
Considering the results of analysis of variance (Table 6 ), comparison of means between different amounts of zeolite application showed that the highest amounts of ZUE for biomass production of lentil plants (0.21) was obtained by applying 10 tons/ha zeolite and irrigation at field capacity (Fig. 8) . The increase of zeolite amounts caused ZUE reduction. The lowest ZUE (0.084) was found at the highest zeolite amounts (30 tons/ ha) under irrigation both at field capacity and 50 % FC (Fig. 8) . Under both irrigation regimes, the highest ZUE for protein production of lentil was obtained by applying 10 tons/ha zeolite and it was higher under irrigation at FC for all zeolite treatments.
The maximum ZUE for protein production (0.01846) belonged to normal irrigation regime and the 10 tons/ha zeolite treatment, and the minimum ZUE protein production (0.00646) was obtained under irrigation regime at 50 % FC by applying 30 tons/ha zeolite (Fig. 9) .
ZUE for biomass production showed negative correlation with both protein yield (r 2 =-0.63) and biomass production (r 2 =-0.64). Zeolite use efficiency for protein production had negative correlation with biological yield (r 2 =-0.57).
However, there were significant positive correlation between protein and biological yield (r 2 =0.69), protein yield and protein harvest index (r 2 =0.88), and zeolite use efficiency for protein and biomass production (r 2 =0.86) in lentil (Table 7) .
Discussion
The above results clearly indicated that any Osmotic adjustment, cellular macromolecules production, storage form of nitrogen, cellular pH maintenance, cells detoxification and free radicals scavenging are proposed functions of free amino acid accumulation (Parida et al., 2007) .
The accumulation of dehydrin-like proteins was detected in the roots and leaves of drought-stressed maize plants, which could protect plants from further dehydration damage (Mohammadkhani & Heidari, 2008) . The changes in total soluble proteins under drought stress were in accordance with the findings Riccardi et al. (1998) Protein yield, biological yield and protein harvest index did not differ significantly in control and in the 10 tons/ha zeolite treatment, but increasing of the amount of applied zeolite had significant effect on these traits. Reducing of zeolite amount also increased zeolite use efficiency for biomass and protein in lentil and grass pea plants. Koljajic et al. (2003) reported that the increase of the amount of zeolite significantly increased the dry matter, protein and crude fiber contents in fresh beet pulp. Zeolite application had positive and enhancing effects on protein production in all irrigation treatments decreasing the adverse drought stress damages. It has been reported that mixtures of zeolite with other substrates increased plant yield in many species such as gerbera (Issa et al., 2001) , cucumber (Gül et al., 2007) , tomato (Al-Ajmi et al., 2009) .
Zeolite in substrates mixtures may promote anion and cation exchange capacity (Issa et al., 2001 ). Mixtures of zeolite and fertilizers also had positive effects on lettuce (Gül et al., 2005) and tomato yields (Valente et al., 1982) .
In conclusion, it was observed that, under drought stress conditions, Lathyrus sativus and
Lens culinaris demonstrated the lowest protein and biological yield, protein harvest index, and zeolite use efficiency for biomass and protein production. Zeolite application in regions which are exposed to late season drought stress can keep soil water content and improve plant growth and production. In general, zeolites as soil amendments improve water retention capacity, soil cation exchangeable capacity which leads to higher yield under drought stress conditions. Both zeolite use efficiency for biomass and for protein production were lowered with higher amount of applied zeolite.
